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Wind power projects, despite comparatively to conventional energy sources being considered cleaner
alternatives, are not devoid of side effects requiring accurate assessment in order to attain a sustainably
managed process. This paper presents a detailed overview of the most pertinent environmental and
human effects of wind farms, encompassing landscape and visual effect; shadow ﬂicker effect;
electromagnetic interferences; noise emission; wildlife; land occupation and usage; water resources;
air quality and carbon footprint; socio-economic; architectural or archeological patrimony impact
perceptions. Impact management schemes (IMS) are proposed in order to expose strategies to effectively
reduce identiﬁed negative outcomes, throughout the different phases of implementation of wind power
projects. The IMS can give an important contribution to mitigate expected negative impacts and to avoid
practices that might adversely inﬂuence community’s perception.
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Climate change can be considered one of the biggest challenges
faced by Human kind [1]. It has been acknowledged that, the
observed global warming has an anthropogenic source, i.e. emis-
sions resulting from human activities caused an increase inll rights reserved.
351253510343.
).Greenhouse gas emissions [GHG] (Intergovernmental Panel on
Climate Change [IPCC], as cited in [2,1]) potentially jeopardizing
ecosystem’s integrity. Saidur et al. [2], stated that this same panel,
IPCC, suggested a substantial reduction in such emissions, estimat-
ing most reductions (60–80%) would be accomplished in energy
and industrial processes, where the increasing usage of RES
(Renewable Energy Sources) played a strategic role. Ever since,
there has been an increased tendency towards investment in RES
at global level [3], being wind power considered by Szarka (as
cited in Munday et al. [4]) as a “dominant feature of renewable
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Fig. 1. World net electricity generation by fuel type, 2008–2035 (trillion kWh).
Source: [11]
F. Lima et al. / Renewable and Sustainable Energy Reviews 25 (2013) 277–290278energy expansion in European countries” (p. 1). Onshore wind
energy is regarded as the most inexpensive option for “large scale”
RES deployment, and has already provided a “signiﬁcant amount”
of energy to both residential and industrial areas [5].
Resorting to wind energy has also converged with the Eur-
opean strategic approach to energy policy, the 2020 Strategy,
taking into consideration concerns with previously mentioned
economical and environmental aspects (namely energy security
and climate change). In a clear attempt to switch to a greener
economic scenario, where “improved human well-being and social
equity, while signiﬁcantly reducing environmental risks and eco-
logical scarcities” (UNEP as cited in Endl and Sedlacko [6]: p. 5) is
favored. The changes promoted by this shift have had reﬂexes not
only at a national level but also at a more localized scale, denoting
a strong connection between energy and all three pillars of
sustainability—environmental, economical and social dimensions.
The more straightforward links have been economical and envir-
onmental dimensions, since as previously stated by Ferreira [7],
energy has been considered vital for economic growth, having
“direct impact” on company’s “economic performance”, as well as a
“strong impact on the environment” leading to the inevitable
incorporation of environmental issues in energy policy [8]. A less
focused but equally important aspect of energy sector, especially
considering RES deployment, is the relationship between energy
and social welfare. Overall energy has been considered a “driving
force” for social wellbeing ([7]: p. 3), and particularly RES projects
have brought important changes to local communities.
The subjacent multidisciplinary of energy decisions favors an
integrative approach to deal with this intricate subject, in order to
ensure that all dimensions of sustainability are more effectively
considered regarding energy projects development. For that rea-
son, the previous study of potential impacts associated with its
deployment, encompassing assessment of local community’s
insight is considered vital to achieve a positive outcome, reﬂecting
both focal stakeholders concerns as well promoters needs, ensur-
ing and increasing the possibilities of attaining a “sustainable and
inclusive growth”(EC as cited in Endl and Sedlacko [6]: p. 6).
The main purpose of this work is to provide a review of
perceived impacts associated with wind power development, from
a sustainability perspective. This review aims to contribute to the
integration of all sustainability dimensions into impact assessment
going beyond the single identiﬁcation of the main activities and
associated impacts. A dynamic connection throughout different
project phases is proposed, allowing taking into consideration
potential conﬂicting situations from wind park’s deployment in
local communities, while illustrating prospective solutions to cope
with them.
The remainder of the article is as follows: in Section 2 the
importance of wind power is demonstrated in the world energy
perspective; in Section 3 a review of the impacts fromwind energy
for electricity production is presented and speciﬁc impact manage-
ment schemes (IMS) are proposed; based on this review conclu-
sions are drawn in Section 4.2. Role of wind power in electricity production
Energy supply has been considered a critical aspect of modern
life, playing a center role in the economic scenario of most
countries, becoming a prime driver for productivity (see [9]);
contributing to improve social welfare and global development
(see [7]).
A thorough analysis of wind power’s evolution over the years is
indicative of a connection between its reputation and fossil fuels
cost value (see [10]). According to Leung and Yang [10], theincrease in fossil fuels price often implies refocusing on wind
power as an alternative energy source for electricity generation.
OECD and Non-OECD economies show contrasting results for
“total net electricity generation” with an average expected yearly
growth of 3.3% in Non-OECD countries versus 1.2% growth rate
from OECD countries from 2008 to 2035 [11]. Socio-economic and
environmental aspects have been urging countries towards RES,
implying looking at them with “increasing attention” as potential
alternatives to more conventional energy sources (see [3]: p. 691).
As a consequence, RES has been considered the “fastest grow-
ing sources” for electricity production, with an estimated yearly
increase of 3.1% from 2008 till 2035 as described in Fig. 1.
According to these projections and within RES, hydro and wind
power electricity production have a signiﬁcant role, summing up
more than 82% of the abovementioned increase for that time
period. Wind power is prospected to continue a growing trend in a
future scenario, for instance “of the 4.6 trillion kWh of new
renewable generation added over the projection period, 1.3 trillion
kWh (27%) is attributed to wind” (see [11]: p. 4). Although
currently, wind power generation increase is slightly favoring
OECD countries, the most signiﬁcant boost in terms of electricity
production generated from this alternative source is expected for
China [11].3. Review of impacts of wind power projects
Considering current RES alternatives, Leung and Yang [10], have
underlined that, wind energy is at this stage, the only one that
provides both a well established technique and “promising com-
mercial prospects” (p. 1032), being applied at a global scale in
electricity generation. Given its strategic role in transitioning
towards a more sustainable development, a more inclusive per-
spective of wind energy, regarding socio-economic and environ-
mental standards is considered vital to ensure wind power
projects viability. Therefore, deigning an accurate and robust
impact assessment process is a step forward in this direction.
Previous studies have demonstrated that most problems regarding
environmental or social aspects arise due to underestimating or
misevaluating impact assessment [12,13]. As such, an overall
perspective, as presented in IMS, is essential to encourage a shift
in wind power development.
Unlike other conventional energy sources that face exhaustion,
wind power is considered a green technology mainly because it is
not associated with emission of pollutants that contribute to
adverse impacts on the environment [10,2]. Although overall wind
parks have been considered environmentally friendly, local
impacts brought by these investments are frequently reported
[14]. These potential effects on an enduring timeframe cannot be
despised and are currently under discussion [10].
F. Lima et al. / Renewable and Sustainable Energy Reviews 25 (2013) 277–290 279As deployment of such projects often depends on perceptions
of local stakeholders, developing an Environmental Impact Assess-
ment (EIA) is imperative to achieve public consensus [13]. EIA is a
tool that allows focusing and assuring that all major potential
effects identiﬁed are being taken into consideration from the
earliest stage of its development, as well as it is the assessment
of their expected signiﬁcance [15,13]. Contrary to common knowl-
edge, EIA is not restricted to environmental issues, mainly because
the concept of environment has evolved to incorporate human
interaction. Chadwick (as cited in Sustainable Energy Authority of
Ireland (SEAI) [13]: p. 68), states that this reﬂects “a wider
deﬁnition of the environment, encompassing its human (i.e. social,
economic and cultural) dimensions”.
Therefore UNEP and Glasson (as cited in SEAI [13]: p. 68),
supported that because of the intricate connection between social
and environmental spheres, the identiﬁcation, forecast and assess-
ment of social impacts together with other “biophysical aspects” is
crucial.
Mendes et al. [16], underlined the importance of preliminary
impact analysis for determining an ideal location for wind farms,
therefore promoting an optimization with the surrounding
environment.
As a result of this overall literature survey the following
detailed overview of the most pertinent environmental and
human effects of wind farms was undertaken:– Landscape and visual impact perception;
– Shadow ﬂicker impact perception;
– Electromagnetic interferences impact perception;
– Noise emission impact perception;
– Wildlife impact perception;
– Land occupation and usage impact perception;
– Water resources impact perception;
– Air quality and carbon footprint impact perception;
– Socio-economic impact perception;
– Architectural or archeological patrimony impact perception.
The abovementioned impacts have been object of major con-
cern (especially in local communities) because most of these
effects will endure throughout the lifetime period of the project.
Furthermore the activities that potentiate these effects occur
during several phases of the development (from planning to
deactivation phase) [16].
Speciﬁc impact management schemes are presented as strate-
gic tools to promote social acceptance of wind power projects.
These IMS not only recognize and list possible negative effects but
also propose project management strategies aiming to overcome
resistance from stakeholders.
3.1. Landscape and visual impact perception
By introducing equipment and installations in rural areas,
“where most of the best wind sites are found” (see Varun et al.
and Kikuchi as cited in Saidur et al. [2]: p. 2424), altering a natural
scenario, inﬂuences unquestionably the surrounding landscape
(see [14]). According to Katsaprakakis [14], this has been consid-
ered quite a subjective issue, dependent of community acceptance,
involving several key issues in order to achieve visual acceptance.
Nature of mentioned issues is variable, encompassing location;
design; equipment characteristics (size and color) as well as
movement [14,17,2].
As inevitable impacts that tend to condition the project’s
approval, it has been increasingly considered a crucial factor,
involving local communities for a successful approach to manage
and mitigate visual impact [17]. The IMS provided in Fig. 2, clearly
demonstrates the complex nature of exposed issues, taking intoconsideration scheduled activities, potential impacts and
exemplary conduct behavior, focusing the need to adopt good
practice guidelines in order to minimize and reduce visual
impacts, while simultaneously promoting improvements and
shifting local community’s view towards acceptance. Good prac-
tice examples include the promotion of public consultation, careful
selection of materials and location and the resource to decision
aid tools.
3.2. Shadow ﬂickering impact perception
According to Katsaprakakis [14], the probability of being
affected by this negative impact increases with proximity to
residential areas. This intermittent shadow casting across the
landscape, has been related with disturbance and annoyance
accounts for local residents [18,14,2].
Besides being a potential issue for habitation areas, the Min-
nesota Department of Health and Environmental Health Division
[18], also drew attention to the fact that during sunset periods,
shadow ﬂicker might pose a danger to drivers, decreasing their
attention. Notwithstanding, as Katsaprakakis [14], has underlined
this impact can be timely predicted and avoided, if it is addressed
before project implementation. An IMS was developed and pre-
sented in Fig. 3, reﬂecting activities undertaken throughout all
project stages that generate potential impacts eventually per-
ceived as main problems to implementation by local communities.
The IMS identiﬁes potential measures to effectively approach
project stakeholders, mitigating and overcoming major concerns
with shadow ﬂickering effect. Once more, good practices are
mainly focused on the planning phase focusing on shadow ﬂick-
ering previsions and optimization of the equipment design,
recognizing that after construction shadow ﬂicker can only be
prevented by switching off the wind turbine.
3.3. Electromagnetic interference impact perception
Blade rotation can cause dispersion of electromagnetic signals,
like “radio or TV broadcast frequencies”, resulting in variations of
their transmission [15,14].
When compared to other approached aspects, this issue could
be considered a minor concern [15], since, as a consequence of
improvement in industrial design, wind turbines nowadays, are
composed by synthetic blades interfering in the least with wave-
length transmission [14].
Nevertheless, by resorting to a recollection of several authors,
an IMS was proposed as described in Fig. 4. The framework
exposes the source as well as the potential impacts resulting from
actions undertaken during different phases of project deployment.
These impacts can eventually lead to a reluctant attitude from
local communities towards wind farms, constituting a barrier to its
deployment. A few solutions either to prevent or mitigate adverse
implications associated with this issue are described, ultimately
aiming to improve these projects acceptance.
3.4. Noise emission impact perception
One of the most commonly mentioned effects associated with
wind farms was noise nuisance [10,14,2]. Concerning wind power
developments, noise emissions can be relevant in two distinct
phases, related to different activities therefore presenting diverse
characteristics. For instance, during construction work it has been
estimated an increase in sound levels in immediately surrounding
areas to the wind park facilities, as well as along access roads,
which according to Mendes et al. [16], are an outcome of
temporary procedures involving heavy machinery, namely excava-
tions or equipment transportation. Operational phase implies
Fig. 2. Landscape and visual IMS (Own elaboration).
Sources: [16,17,14].
F. Lima et al. / Renewable and Sustainable Energy Reviews 25 (2013) 277–290280noise levels of a different scale, emitted by wind turbine’s
operation, being typiﬁed in two categories, originating from
different components: “mechanical noise and aerodynamic noise”
[14,2,16].According to abovementioned authors, nowadays due to sig-
niﬁcant advances in engineering wind turbines, mechanical noise
has been no longer considered a main concern. Although aero-
dynamic noise has been recently “related to sleep disturbances and
Fig. 3. Shadow ﬂickering effect IMS (Own elaboration).
Sources: [16–18,14].
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p. 1037); SEAI [19], claimed there is still currently a lack of
substantiation regarding direct cause–effect of adverse impacts
from noise exposure on public health.
Nonetheless, several authors (see [10,14,19,2,16]) have highlighted
the importance of the location of the power plant and the distance
from residential areas when analyzing noise effects. This relationship
can be emphasized when taking into consideration the potential
interaction between wind direction and noise propagation, (see Long
as cited in Saidur et al. [2]). Such aspects have contributed to the
establishment of noise level limits in residential areas, which should
be respected in order to prevent exposure to endangering noise levels
[14]. Therefore an IMS exposes meticulous impact assessment
throughout the three main phases of wind farm implementation. It
allows identifying problem areas and key issues that could be
perceived as barriers, while accentuating positive examples. These
good practices, demonstrate how to avoid less appropriate practices
that can result in increasing noise levels, eventually retracting localcommunity from these RES projects (see Fig. 5). The example of good
practices, demonstrate the importance of this issue and preset
examples where complaints from local community can lead to
suspension of wind farms.
3.5. Wildlife impact perception
Several studies [10,14,2], have considered bird fatalities almost
negligible, especially when compared to other anthropogenic
causes, however, despite common perception, wind power ediﬁca-
tion in sensitive areas tend to potentiate “impacts on wildlife and
biodiversity” [12]. Notwithstanding, according to Mendes et al.
[16], and SEAI [21], the nature of the impact is highly dependent
on characteristics of the location site, project’s attributes and the
type of species involved and their patterns (such as migration
routes, feeding habits or reproduction sites). These effects can
occur during construction and operational phases, affecting them
directly or indirectly [2,21].
Fig. 4. Electromagnetic interferences IMS (Own elaboration).
Source:[16,15,20,14].
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the wind park within or near environmental sensitive areas is ill-
advised, and that speciﬁc measures should be adopted to ensure
special protection to uncommon species, avoiding adverse impacts
and promoting their safe “co-existence”. Impact assessment is then
fundamental and productive to identify and overcome potential
adverse effects. This process should allow answering eventual
concerns from different stakeholders regarding wildlife impacts
while reducing costs and time delays of planning process and with
this, possibly increasing its acceptability [12]. IMS as demonstrated
in Fig. 6, has an integrative approach, focusing throughout the
project’s lifespan, identifying different sources of potential impacts
and relating them to the barriers and/or main concerns of local
communities, while highlighting positive and effective ways to
avoid or overcome negative outcomes. Good practice examples
include the adoption of preventive measures to ensure habitat
restoration and the avoidance of ecological sensitive areas.
3.6. Land occupation and usage impact perception
Impacts affecting land resources and its use will be registered
throughout different phases of the project, with particular empha-
sis on construction stage. Mendes et al. [16], pointed out that withthe exception of the area adjudicated to build wind park facilities,
many activities do not create permanent impacts and their effects
tend to disappear after construction work is over.
Another relevant aspect associated with this impact, that might
cause signiﬁcant problems is soil erosion, particularly during
construction phase. Vulnerability to erosion is increased due to
land removal, circulation of people and heavy machinery, as well
as rain due to lack of appropriate draining systems [16].
In order to contextualize and promote an integrative approach,
Fig. 7 presents an IMS, exposing suggestions to avoid ampliﬁcation
of potential impacts. However it is also patent that potential
conﬂicts associated with land use can be reduced by resorting to
a set of good practices, including for example effective planning for
mitigation of erosion or the adoption of restoration measures.
3.7. Water resource impact perception
Miranda [15] and Mendes et al. [16] stated that wind parks may
have repercussions on quality of superﬁcial water courses, as a
consequence of land removal. Also, deforestation and ground-
leveling activities can imply an increase of solid particles being
transported through water courses. In consistency with SEAI [21],
remarks, this damage has happened frequently mainly because
Fig. 5. Noise emissions IMS (Own elaboration).
Sources: [16,19,14].
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underlying compound’s location.
Due to the nature of activities taking place during construction
work, adverse effects have been considered more susceptible of
happening here, than throughout the operational phase. Therefore
during construction phase it has been considered important to
guarantee that existing water courses are safeguarded, i.e. not
obstructed by built infrastructure or incorrect deposition of debris
resulting from excavations [15,16].Based on abovementioned authors [15,16], an IMS was devel-
oped exposing the correlation between expected activities and
potential impacts on hydrologic resources, and how they poten-
tially become perceived as obstacles to deployment. Adequate
suggestions to prevent adverse impacts are provided, resorting to
good practice proposals supported on the provided examples, as
described in Fig. 8. These good practices are once more mainly
related to the planning phase, avoiding for example water con-
tamination even during the construction phase.
Fig. 6. Wildlife IMS (Own elaboration).
Sources: [16,12,21,22].
F. Lima et al. / Renewable and Sustainable Energy Reviews 25 (2013) 277–2902843.8. Air quality and carbon footprint impact perception
RES projects, especially wind power enables the production of
energy, while simultaneously contributing to mitigate climate
change issue. When compared to most conventional energysources [2,10, these projects have virtually no GHG emissions
during operational phase [23]. According to Saidur et al. [2], the
decrease in GHG emissions, such as carbon dioxide (CO2), methane
(CH4), nitrous oxide (N2O) could be achieved because wind energy
has been contributing to shift electricity production from a fossil
Fig. 7. Land occupation and usage IMS (Own elaboration).
Sources: [16,20].
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emphasized that both construction and operational phases have
been associated with emissions of discrete amounts of air
pollutants.
As for carbon footprint management, despite being quite a
recent approach, the balance of carbon loss and gain throughout
the lifecycle of wind farm development, can inﬂuence stake-
holders acceptance of this technology, based on “climate changebeneﬁts” [23]. Regarding this issue Saidur et al. [2], has stated that
comparatively to other alternatives, wind power has shown a low
carbon footprint value.
According to Mendes et al. [16], the potential impact on air
quality could be avoided if guidelines were followed and
accounted for by compound developers. Measures can include
for instance, training staff about consequences regarding negligent
attitudes, as well as environmentally correct procedures [16].
Fig. 8. Water resource IMS (Own elaboration).
Sources: [16,21].
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IMS described in Fig. 9, where main actions associated with
potential impacts on air emissions and carbon footprint are
evidenced, as well as potential negative impacts and plausible
and successful solutions to overcome them. Although the wind
power impacts on air quality and GHG are low when compared to
other non-RES sources, good practices recognize the need to
estimate carbon emissions throughout life cycle analysis of
wind farms.
3.9. Socio-economic impact perception
Wind energy is strongly related to local communities. The
attribution of local beneﬁts has a crucial role not only in improvingsocial and economic conditions but also to enable the project
implementation by promoting and engaging local communities
(see [24]). Identiﬁed beneﬁts included “community funds”; “ben-
eﬁts in kind”; “project ownership” or “local employment ([24]: p.
60 and [5]). Whether if a more traditional view is adopted or a
more innovative approach is undertaken, developing a detailed
assessment in order to identify and to analyze the main factors
potentially inducing conﬂict to its deployment is a fundamental
ﬁrst step. SEAI [25] underlined the importance of information and
communication issues, and SEAI [20], called attention to the
interaction between wind power and other local economic inter-
ests as sources of potential apprehension. Therefore, an IMS
was developed to answer this need, resorting to an integrative
approach, not only illustrating main activities and expected
Fig. 9. Air Quality and Carbon Footprint IMS (Own elaboration).
Source: [16,23].
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interactions. The close relationship with local stakeholders is
demonstrated to be fundamental to overcome barriers and to
ensure the project success, as established by the examples pro-
vided. This IMS is presented in Fig. 10.3.10. Architectural or archeological patrimony impact perception
In order to prevent negative impacts to existing cultural
elements, preserving them for future generations while promoting
its compatibility with wind farms it is necessary to make a
Fig. 10. Socio-Economic IMS (Own elaboration).
Source: [16,20,24,25].
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tation (see [16]).
SEAI [17] and Mendes et al. [16], claim that adjustments
to design and other aspects during project’s execution
are required to ensure harmonizing a modern infrastructurewith background scenery, simultaneously safeguarding local
patrimony. If steps towards preservation are taken through-
out several phases of the project, wind parks can have a
positive impact in promoting local historical or cultural land-
marks [15].
Fig. 11. Architectural or Archeological Patrimony IMS (Own elaboration).
Source: [15–17].
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ciated with this issue, an IMS was developed for this theme, where
a relationship was established between actions mainly developed
during construction phase, and potential impacts. Once more, a
careful management of the project since the earliest phases is
fundamental aiming to preserve and promote local landmarks and
ensuring a harmonious implementation of the project. Fig. 11,
stresses therefore the importance of preventive measures, through
the application of good examples avoiding or minimizing potential
adverse impacts on cultural heritage.4. Concluding remarks
Although the scale of potential impacts of wind power has been
considered minor, especially when compared with more conventional
energy sources [10,14], it is still not void of impacts. According to
several authors (see for example [14,10,2,12,13,17–25]) most relevant
impacts (either of a positive or negative nature), have been related to
speciﬁc environmental parameters namely: landscape; ecology (wild-
life and biodiversity); noise emission; electromagnetic interferences;shadow ﬂicker effect; land usage and occupation; climate change or
socio-economic impacts.
However, negative impacts can be mitigated by resorting to
optimization techniques whether of the equipment itself (see [2]),
location of the wind farm (see [14]) or stakeholder involvement.
The study of potential impact associated with its deployment vital
in order to further improve this technology, as well as attaining a
sustainable management and to ensure the success for the RES
investors.
In recent years many steps forward have been given in this
direction, namely to ensure that social dimension is more effec-
tively considered regarding wind power deployment. A thorough
incorporation of “Socio-Economic Assessment (SEIA)” during
“Environmental Impact Assessment (EIA) process”, has been
achieved by developing guidelines and promoting best practice
(see [13]: p. 68). A more holistic perspective of development
has also been given by Allen et al. [26]: p. 264 case study
sustaining that in order to achieve a “sustainable future”, “Sustain-
ability Appraisal (SA) and Strategic Environmental Assessment
(SEA)” should be ensured. These tools have allowed to scrutinize
all alternate “course of action” identifying “the actions that
maximize sustainability” potentiating “positive outcomes” while
F. Lima et al. / Renewable and Sustainable Energy Reviews 25 (2013) 277–290290reducing adverse impacts (see Partidario et al. as cited in Allen
et al. [26]: p. 264).
The present work consisted in a review of the major impacts
commonly related to wind power projects. The analysis of each
one of these relevant aspects was organized in IMS aiming to
better illustrate the potential damages or beneﬁts that may arise
during different project phases. This exercise allowed summariz-
ing the most important barriers to effective project development
and implementation. Good practice measures and examples were
presented as a way to contribute to the social acceptance of these
projects.
By converting impact assessment into an interactive process
encompassing all stakeholders, the possibility of successfully
surpassing conﬂict situations increases. This procedure further
improves the chances of convergence of interests during negotia-
tion process and ultimately contributes to make wind energy a
more viable option for future electricity generation, contemplating
local sustainability.Acknowledgments
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